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Purpose. Various studies have shown an association between miRNA polymorphisms and susceptibility to autoimmune disease
(AD); however, the results are inconclusive. To evaluate whether miRNA polymorphisms account for a significant risk of AD,
a total of 87 articles, including 39431 patients and 56708 controls, were identified to estimate their association with 12 AD
subtypes. Methods. Several electronic databases were searched to analyze population-based studies on the relationship between
miRNA variants and AD risk. Fixed effects or random effect models were used in the meta-analysis for the risk
assessment. Results. In our meta-analysis, miR-146a rs2910164/rs57095329 conferred a marginally elevated risk for AD
(allele model, OR = 1:08, 95% CI: 1.01-1.15, P = 0:019; allele model, OR = 1:09, 95 CI: 1.05-1.15, P < 0:001, respectively).
Furthermore, miR-196a2 rs11614913 was also associated with AD risk (allele model, OR = 0:92, 95% CI: 0.88-0.97, P = 0:001) as
well as miR-499 rs3746444 (allele model, OR = 1:16, 95% CI: 1.03-1.29, P = 0:011). In addition, associations were observed
between miR-149 rs2292832/miR-27a rs895819 and AD susceptibility in the overall population (allele model, OR = 1:15, 95%
CI: 1.06-1.24, P < 0:001; allele model, OR = 1:11, 95% CI:1.01-1.22, P = 0:043, respectively). Conclusions. Evidence from our
systematic review suggests that miR-146a, miR-196a2, miR-499, miR-149, and miR-27a polymorphisms are associated with
susceptibility to AD.

1. Introduction

Autoimmune diseases (AD) are a spectrum of disorders ini-
tiated by impaired self-tolerance of the immune system and
may lead to tissue destruction, chronic inflammation, and
morbidity [1]. More than 80 types of AD have been
confirmed and affect approximately 5-10% of the total
population [2]. Of note, women constitute approximately
78% of those affected individuals and bear a disproportion-
ate burden of the high morbidity [3]. Like many other com-
plex diseases, AD are believed to arise from multiple
environmental and genetic factors, both of which may be
shared across many AD [4]. Common nonsteroidal anti-
inflammatory drugs, immunosuppressants, and antitumor
necrosis factor-alpha agent could be utilized for the treat-
ment of various AD. While some patients did not respond
to these treatments, suggesting other factors such as genetic
background may account for this heterogeneity [5]. Associa-

tion and linkage analysis in different populations have dem-
onstrated that hereditary variation of AD has intrinsic
commonality. Most of the mutations are typically located
in either coding gene regions with an influence on protein
function or noncoding gene regions, potentially affecting a
targeted gene transcript. Additionally, recent studies sug-
gested that functional variants occurring in microRNA
sequences were associated with susceptibility to AD [6–15].
These findings indicate that variants in common miRNAs
could be genetic markers of AD such as multiple sclerosis,
rheumatoid arthritis, and ankylosing spondylitis, which
highlighted a new paradigm for genetic susceptibility.

MicroRNAs (miRNAs) are endogenously generated
single-stranded noncoding RNA molecules of about 22
nucleotides that play a pivotal role in regulating transcrip-
tion and posttranscription of specific gene expression,
including genes of the mammalian immune system [16].
Genetic ablation of the miRNA machinery, as well as various
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single nucleotide polymorphisms (SNPs) resulting in the loss
or dysregulation of miRNAs (miRNA-SNPs), may affect
immune development, differentiation, and response, which
could ultimately lead to loss of immune tolerance and auto-
immunity [16, 17]. Furthermore, functional miRNA-SNPs
may act as potential biomarkers to predict clinical outcome
or susceptibility of AD [18, 19]. Growing evidence indicated
that studies on miRNA function have been moved to molec-
ular mechanism level. miRNA could inhibit translation at
the initiation step, likely involving the m7G cap structure
or implicating the cap-binding protein eukaryotic initiation
factor [20, 21]. Additionally, miRNA also inhibits actively
translating polyribosomes or ribosome drop during ongoing
translation [22, 23].

A robust quantification of the correlation regarding the
miRNA-SNPs in patients with AD risk may increase our
understanding whether genetic mutations in miRNA
sequence are associated with immune-related diseases.
Whether shared genetic variations may have similar effects
on the risk of different AD or whether these effects are spe-
cific for certain AD has not yet been investigated at the
genotype level. Although several meta-analyses have already
addressed the impact of miRNA polymorphisms on AD risk
[24–27], results have been controversial and often lacked
sufficient statistical power. Apparently, a review of more
recent studies is required to enhance the existing knowledge
and clarify the observed inconsistencies. Using novel meta-
analysis techniques, we readdressed this subject to evaluate
the association between common miRNA-SNPs with sus-
ceptibility to AD.

2. Materials and Methods

2.1. Search Strategy. Studies reporting miRNA disease associa-
tions were retrieved from various databases including PubMed,
Embase, Web of Science, Google Scholar, and the Chinese
National Knowledge Infrastructure (CNKI, http://www.cnki
.net/) registry, using the following keywords: “polymorphism,”
“SNP,” “variant,” “genotype,” “autoimmune,” “immune-
related,” “miRNA,” “microRNA,” and “microRNAs.” Each
database was screened from the inception date to December
10, 2020. There were no restrictions as to language, ethnicity,
or publication year. Additionally, the citations of retrieved arti-
cles were also manually scrutinized for original data sources.
The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) checklist including the page number
for each item can be available in Supplementary Materials
(available here).

2.2. Selection Criteria. Full length articles were reviewed for
relevant keywords in the title, abstract, or keyword list. Pub-
lications were checked in the first round using the following
inclusion criteria: (1) assessment of all miRNA genetic poly-
morphism association studies, (2) independent case-control
study, and (3) having enough data to enable calculating odds
ratios (OR) with 95% confidence intervals (95% CI). Articles
in the category of reviews, meta-analysis, organizational
guidelines, editorial letters, expert opinions, conference
abstracts, case reports, and those with insufficient raw data

(after contacting the corresponding author) were excluded to
avoid duplication and erroneous weighting towards more
frequently cited publications. Full text screening of all studies
conforming to the above criteria was performed independently
by two reviewers (J.Z. and H.T.). Any discrepancy was
addressed with a third reviewer (Q.C.) to reach a consensus.

2.3. Data Extraction and Quality Assessment. A data extrac-
tion sheet based on a predetermined standard, including the
first author, publication year, type of disease, country,
ethnicity, genotyping methods, characteristics of cases and
controls, Hardy-Weinberg equilibrium (HWE) in controls,
and the modified Newcastle-Ottawa Quality Assessment
Scale (NOS), was compiled for each selected study. A study
with a NOS score of seven or more points was considered
high quality, and those with nine points were ranked the
most senior. A kappa value was calculated to compare the
data retrieved by the two reviewers (J.Z. and H.T.) [28].
The Grading of Recommendations, Assessment, Develop-
ment, and Evaluation (GRADE) system was adopted to
evaluate the quality of evidence of the included studies
[29]. After going through these quality checks, a final list
of studies was produced.

2.4. Data Synthesis and Meta-Analysis. In our study, the term
meta-analysis included our analysis of all miRNA SNPs in the
combined AD groups. In the subgroup analysis of specific dis-
eases, sometimes only one study could be found and as such
would not meet the definition of a meta-analysis. Mantel-
Haenszel OR with 95% CI was computed from the initial
raw data; heterogeneity was measured by exploring the
study-specific Cochran’s Q value (P < 0:1, treated as signifi-
cant level across all reviews) and quantitative Higgins’s I2 sta-
tistic. When the I2 statistic was higher than 75%, 50%, and
25%, it represented large, moderate, and small heterogeneity,
respectively. Thus, either the fixed effects model (I2 < 50%
and P > 0:1) or random effects model (I2 ≥ 50% and P < 0:1)
was utilized to measure the pooled ORs and 95% CIs. Further-
more, I2 offers advantages over Cochran’s Q statistic and I2 is
preferable to a test for heterogeneity in assessing inconsistency
across studies [30]. A chi-square test was conducted in con-
trols to evaluate the deviation from HWE. Subgroup analysis
was used to test the influence of the categorical moderators.
Additionally, metaregression was used to evaluate the contri-
bution of different covariables to heterogeneity. Dummy vari-
ables were applied where features had three or more outcomes
(for example, ethnicity, disease type, and genotypemethod). A
sensitivity analysis was implemented to assess the influence of
each study on the pooled effect size by taking out one study in
each turn. Publication bias was tested by Begg’s funnel plot
and Egger’s regression method. A P value less than 0.05 was
treated as significant in these comparisons, and all statistical
analyses were achieved by STATAV.12.0 software (Stata Corp
LP, College Station, Texas, USA).

3. Results

3.1. General Characteristics of Selected Studies and Quality
Assessment. The initial search retrieved 1478 publications
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from PubMed, 1603 from Embase, 892 from the Web of
Science, 976 from Google Scholar, and 59 from the CNKI.
Three extra articles were obtained by scanning the references
of preliminary papers [31–33]. The detailed step by step of
our searching strategy is drawn as a PRISMA flowchart in
Figure 1. 5011 articles were screened from the databases,
and 878 duplicates were excluded. After a careful choice of
papers following review of titles, abstracts, and key terms
related to miRNA-SNP or AD, 3983 studies were deleted
for not addressing neither miRNA-SNP nor AD, and 150
full-text articles were identified to be potentially relevant.
Among them, 56 studies were eliminated since they did
not contain sufficient genotype results (n = 18) or for not
investigating an association between miRNA-SNP and AD
risk (n = 17) or for being a review or meta-analysis (n = 13),
expert opinion (n = 3), or case report (n = 5). Ultimately, 94
articles met all the inclusion criteria for our meta-analysis, of
which 87 were eligible for quantitative analysis of risk esti-
mates [6–15, 31–107]. Assessment of interinvestigator agree-
ment using kappa values for the selected articles yielded
values of 0.84 for PubMed, 0.88 for Embase, 0.90 for Web of
Science, 0.91 for Google Scholar, and 1.0 for CNKI, suggesting
a high level of agreement between our two reviewers.

In our meta-analysis, AD were classified into twelve dis-
ease subgroups, including autoimmune thyroiditis (AITD),
arthritis, asthma, systemic lupus erythematosus (SLE), uve-
itis, inflammatory bowel disease (IBD), Immunoglobulin A
(IgA) nephropathy, Kawasaki disease (KD), sclerosis, type
1 diabetes mellitus (T1DM), polymyositis, and psoriasis
based on the common syndrome and disease homogeneity
risk [108]. We included asthma as an AD, because it is
triggered not only by allergen exposure but also by other
mechanisms, possibly autoreactive/autoimmune. This classi-
fication is further supported by the response to immunosup-
pressive drugs. The distribution of total patients in the
overall subgroups is delineated in Figure 2, and the top five
include SLE (32.6%), arthritis (15.9%), uveitis (15.5%), pso-
riasis (6.9%), and KD (5.7%). Furthermore, ethnic origins
were categorized as Caucasian, East Asian, Hispanic, Middle
East, and Oceanian. The basic characteristic of each study is
shown in Table 1. Only SNPs with a minor allele frequency
greater than 5% of the control population were included.
The genotype frequencies of the controls in all studies,
except seven articles, conformed to HWE (P > 0:05). Apart
from two papers, the quality of the evidence generally
received a score ranging from five to nine by the NOS
criteria. All included studies were graded as “low” quality
according to the GRADE profiler, except for one study
[81] which was graded as “very low.” Low gradings were
due to the observational design of studies, putting them at
risk of bias, imprecision, and inconsistency.

3.2. Quantitative Data Synthesis and Meta-Analysis. 87 arti-
cles describing 109 studies with 39431 patients and 56708
controls were finally included. Pooling these data, we esti-
mated the miRNA-SNP risk for 23 AD and accomplished a
meta-analysis of 12 AD subtypes into the case group. The
following paragraphs discuss the epidemiological studies

and summarize the genetic susceptibility to AD (Table 2,
supplementary materials (available here)).

3.2.1. miR-146a. A total of four SNPs (rs2910164,
rs57095329, rs2431697, and rs6864584) in the miR-146a
gene were investigated from data retrieved from 71 studies.
Meta-analysis indicated that the G allele of rs2910164 was
positively associated with AD susceptibility in the overall
population (allele model, OR = 1:08, 95% CI: 1.01-1.15,
P = 0:019, Figure 3; dominant model, OR = 1:09, 95%
CI: 1.01-1.20, P = 0:049). After stratifying by disease sub-
type, it was associated with a decreased risk of IBD (allele
model, OR = 0:79, 95% CI: 0.65-0.97, P = 0:027; dominant
model, OR = 0:78, 95% CI: 0.65-0.92, P = 0:001; recessive
model, OR = 0:67, 95% CI: 0.50-0.88, P = 0:005). On the con-
trary, it was correlated with increased risk of arthritis (allele
model, OR = 1:15, 95% CI: 1.01-1.31, P = 0:034; recessive
model, OR = 1:17, 95% CI: 1.01-1.36, P = 0:048), with asthma
(allele model, OR = 1:16, 95% CI: 1.03-1.31, P = 0:014; domi-
nant model, OR = 1:25, 95% CI: 1.02-1.54, P = 0:029), with
uveitis (allele model, OR = 1:44, 95% CI: 1.14-1.81, P = 0:002;
dominant model, OR = 1:26, 95% CI: 1.13-1.40, P < 0:001;
recessive model, OR = 1:73, 95% CI: 1.21-2.47, P = 0:003),
and with psoriasis (allele model, OR = 1:15, 95% CI: 1.05-
1.25, P = 0:001; dominant model, OR = 1:38, 95% CI: 1.13-
1.69, P = 0:002). A stratified analysis by ethnicity revealed a
significant increase in the risk of AD in the Middle East
population (especially in the allele model, OR = 1:66, 95% CI:
1.35-2.04, P < 0:001; dominant model, OR = 2:54, 95%
CI: 1.60-4.02, P < 0:001; recessive model, OR = 2:13, 95%
CI: 1.54-2.95, P < 0:001), but a decreased risk in the
Caucasian and Oceanian groups using the recessive model
(OR = 0:86, 95% CI: 0.75-0.99, P = 0:036; OR = 0:78, 95%
CI: 0.61-0.99, P = 0:037, respectively). Subgroup meta-
analysis by methodological quality of the studies as ranked
by the NOS scale revealed no significant positive association
in neither the high-quality studies nor the low-quality studies
(shown in supplementary materials (available here)).

Furthermore, an elevated risk of AD was found in sub-
jects with the rs57095329 G allele model (OR = 1:09, 95 CI:
1.05-1.15, P < 0:001). In addition, a stratified analysis based
on disease subtype showed that this variant conferred an
increased risk of SLE in the allele model and a decreased risk
of sclerosis in the recessive model. In the stratified analysis
by ethnicity, a significant relationship was detected in the
East Asian and Middle East groups (shown in supplemen-
tary materials (available here)).

Moreover, pooled results showed that the C allele of
rs2431697 was associated with a significantly decreased risk of
AD in the overall population (allele model, OR = 0:77, 95%
CI: 0.71-0.84, P < 0:001; dominant model, OR = 0:74, 95% CI:
0.56-0.98, P = 0:037; recessive model, OR = 0:76, 95% CI:
0.62-0.92, P = 0:006). Based on the disease subtype, an obvious
association was found in SLE among three genetic models. Our
stratified analysis results revealed a significant association in the
East Asian and Caucasian groups (shown in supplementary
materials (available here)).

Lastly, meta-analysis suggested that the rs6864584 C
allele was associated with a decreased risk of AD in the total
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Figure 1: Flow diagram presenting the result of literature searching process in meta-analysis.
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Figure 2: The distribution of total patients in the overall subgroups.
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population (allele model, OR = 0:83, 95% CI: 0.69-0.99,
P = 0:038; dominant model, OR = 0:82, 95% CI: 0.68-0.99,
P = 0:039). Similar results were found in uveitis patients
(shown in supplementary materials (available here)).

3.2.2. miR-196a2. Combined results of 26 studies revealed
that the T allele of miR-196a2 rs11614913 was associated
with a lower risk of AD (allele model, OR = 0:92, 95% CI:
0.88-0.97, P = 0:001, Figure 4; dominant model, OR = 0:92,

NOTE: weights are from random effects analysis
Overall (I-squared = 80.0%, p < 0.001)
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Figure 3: Assessment of the association between miR-146a rs2910164 polymorphism (G vs. C) with AD.
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95% CI: 0.86-0.98, P = 0:017; recessive model, OR = 0:87,
95% CI: 0.81-0.95, P = 0:002). Furthermore, there was a
reduced risk of uveitis in the three genetic models (allele
model, OR = 0:80, 95% CI: 0.73-0.87, P < 0:001; dominant
model, OR = 0:74, 95% CI: 0.64-0.84, P < 0:001; recessive
model, OR = 0:74, 95% CI: 0.62-0.87, P < 0:001), but an
increased risk of T1DM in the allele and recessive model.
The stratified analysis results demonstrated that rs11614913
T was significantly related with a decreased risk of AD in the
East Asian population (shown in supplementary materials
(available here)). Subgroup meta-analysis by the NOS scale
revealed a significant negative association in the high-quality
studies (OR = 0:90, 95% CI: 0.86-0.95, P < 0:001) but not the
low-quality studies (shown in supplementary materials
(available here)).

3.2.3. miR-499. Meta-analysis of 35 case-control studies
showed miR-499 rs3746444 is a predisposing cause of AD
(allele model, OR = 1:16, 95% CI: 1.03-1.29, P = 0:011,
Figure 5; dominant model, OR = 1:16, 95% CI: 1.09-1.24,
P < 0:001; recessive model, OR = 1:47, 95% CI: 1.30-1.66,
P < 0:001). In the subgroup analysis by disease subtypes,
rs3746444 polymorphisms increased susceptibility for
arthritis and asthma (allele model, OR = 1:29, 95% CI:

1.15-1.44, P < 0:001; dominant model, OR = 1:24, 95%
CI: 1.09-1.42, P = 0:001; recessive model, OR = 1:54, 95%
CI: 1.23-1.92, P < 0:001; allele model, OR = 1:56, 95% CI:
1.36-1.77, P < 0:001; dominant model, OR = 1:48, 95%
CI: 1.26-1.74, P < 0:001; recessive model, OR = 2:80, 95%
CI:2.03-3.88, P < 0:001, respectively). On the other hand,
a reduced susceptibility was observed for uveitis (allele
model, OR = 0:83, 95% CI: 0.72-0.97, P = 0:017; recessive
model, OR = 0:59, 95% CI: 0.39-0.89, P = 0:012). A
stratified analysis hinted that rs3746444 C delivered an
increased risk of AD in the Hispanic and Middle East region
(shown in supplementary materials (available here)). Addi-
tionally, subgroup meta-analysis based on the NOS scale
revealed a significant positive association in the high-quality
studies (OR = 1:21, 95% CI: 1.03–1.41, P = 0:018) but not
the low-quality studies (shown in supplementary materials
(available here)).

3.2.4. Other miRNAs. In addition, a significantly increased
risk was observed between miR-149 rs2292832/miR-27a
rs895819/miR-182 rs76481776/miR-23a rs3745453 and AD
susceptibility in the overall population (allele model,
OR = 1:15, 95% CI: 1.06-1.24, P = 0:001; dominant model,
OR = 1:13, 95% CI: 1.01-1.26, P = 0:027; allele model,

Overall (I−squared = 47.5%, p = 0.004)
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Figure 4: Estimation of the association between miR-196a2 rs11614913 polymorphism (T vs. C) with AD.
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OR = 1:11, 95% CI: 1.01-1.22, P = 0:043; recessive model, OR
= 1:28, 95% CI:1.05-1.55, P = 0:013; allele model, OR = 1:62,
95% CI: 1.43-1.82, P < 0:001; dominant model, OR = 1:63,
95% CI: 1.43-1.86, P < 0:001; recessive model, OR = 2:22, 95%
CI: 1.48-3.34, P < 0:001; allele model, OR = 1:68, 95% CI:
1.39-2.05, P < 0:001; dominant model, OR = 1:61, 95%
CI: 1.25-2.08, P < 0:001; recessive model, OR = 2:82, 95%
CI: 1.84-4.32, P < 0:001, respectively). Subgroup analysis
showed an increased risk of arthritis and asthma but a reduced
risk of IBD with rs2292832 polymorphisms. Moreover,
there was no apparent correlation between other miRNAs
and AD susceptibility (shown in supplementary materials
(available here)).

3.3. Heterogeneity Test and Meta-regression Analysis. The
merged results revealed conspicuous heterogeneities in the
combined disease groups (heterogeneity: I2 = 47:5%-76.3%,
P < 0:001, shown in Table 2 and supplementary materials

(available here)). To further explore the source of heteroge-
neity, we performed a univariate metaregression analysis
based on the random effects model. Several covariate factors
such as disease subtype, genotypic method, ethnicity, mean
age, the number of cases, and percentage of females in cases
were evaluated using three genetic models (allelic, dominant,
and recessive, Table 3). In our combined analysis, a
statistically significant effect on the summary ORs through
disease subtype and ethnicity was discovered (allele model,
P = 0:031, OR = 1:02-1.48; P = 0:005, OR = 1:25-3.42),
which could partly account for the variation of heterogeneity
(adjusted R2 = 35:16%, adjusted R2 = 45:71%, respectively)
(shown in Table 3).

3.4. Sensitivity Analysis. To evaluate the effect of publication
on the robustness of our pooled effect estimate, a sensitivity
analysis was performed by deleting each study once at a time
in the three genetic models. As a result, the summary OR did

NOTE: weights are from random effects analysis
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Figure 5: Evaluation of the association between miR-499 rs3746444 polymorphism (C vs. T) with AD.
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not make any difference on the overall risk estimates, which
suggested that our meta-analysis was reliable (Figure 6,
rs2910164 G vs. C).

3.5. Publication Bias. Publication bias was investigated
according to the test of Begg’s funnel plot and Egger’s regres-

sion analysis. Due to the relatively small number of included
studies, publication bias analysis could not be carried out
for miR-155 rs767649, miR-125a rs12976445, miR-182
rs76481776, miR-585 rs62376935, miR-23a rs3745453, miR-
106a rs3747440, miR-122 rs17669, miR-124a rs531564, and
miR-137 rs1625579. As for the other miRNA polymorphisms,

Table 3: Metaregression for the heterogeneity of miR-146a rs2910164 comparison in our meta-analysis.

Covariate factors
Allele model Dominant model Recessive model

Exp (b) Std. Err P value 95% CI Exp (b) Std. Err P value 95% CI Exp (b) Std. Err P value 95% CI

Disease subtype 1.23 0.09 0.031 1.02-1.48 1.52 0.24 0.015 1.09-1.23 1.53 0.24 0.017 1.02-1.36

Genotypic method 0.93 0.08 0.377 0.78-1.09 1.02 0.02 0.388 0.98-1.05 1.02 0.02 0.321 0.97-1.06

Ethnicity 2.51 0.74 0.005 1.25-3.42 1.09 0.09 0.264 0.93-1.29 1.19 0.100 0.043 1.01-1.41

Mean age 1.22 0.14 0.083 0.97-1.55 1.12 0.17 0.449 0.83-1.51 1.13 0.17 0.446 0.83-1.53

Number of cases 0.96 0.07 0.589 0.81-1.13 0.99 0.03 0.909 0.94-1.06 1.02 0.04 0.655 0.94-1.11

Percentage of female 1.04 0.11 0.736 0.84-1.28 0.95 0.14 0.736 0.72-1.27 1.11 0.17 0.495 0.82-1.51

Exp (b): odds ratio; Std. Err: standard error; CI: confidence interval.
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Figure 6: Assessment of the sensitivity analysis between miR-146a rs2910164 polymorphism (G vs. C) with AD.
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no evidence of publication bias was observed neither with the
Begg’s funnel plot nor the Egger’s test (Figure 7, rs2910164 G
vs. C), which implies that our results were statistically robust
(P > 0:05, Table 4).

4. Discussion

In this systematic meta-analysis of 87 case-control studies,
17 SNPs from 14 miRNA genes were shown to be associated
with the susceptibility to AD. Five miRNAs with eight vari-
ants were shared across AD and may play potential roles in
the pathogenesis of AD (shown in supplementary materials
(available here)).

A mounting body of evidence has demonstrated that
miRNAs cause gene silencing by degrading targeted mRNAs
or by inhibiting translation. Common variants in miRNAs
can rearrange a broad range of biological processes by
influencing the processing or altering target selection of
miRNAs [109], thus dysregulating miRNA expression,
which may be involved in the development of a wide range
of diseases including AD. Although several meta-analysis
studies have shown the association between miRNA variants
with AD, most of them only discussed a single SNP.

Previous studies have demonstrated that miRNAs may
play an important role in the regulation of the immune sys-
tem. The well-known miR-146a, which is a negative regula-
tor of the NF-κB activation pathway, can modulate mRNAs
that encode proteins involved in the control of innate or
adaptive immune responses [110]. SNP rs2910164, which
is located in the stem sequence of the miR-146a precursor,
can directly influence the expression of miR-146a [111]. Five
studies presented independent evidence that the rs2910164
G allele was not correlated with arthritis [24–26, 112, 113].
Furthermore, a previous meta-analysis [108] also showed
no association with inflammatory arthritis, IBD, and a uve-
itis subgroup. Our meta-analysis, however, did suggest that
the G allele was protective against IBD and that it was a risk
factor for arthritis, asthma, uveitis, and psoriasis. The
remarkable difference between our data and the earlier
meta-analyses may be due to the fact that we included more
studies and therefore had a higher number of patients.
rs57095329, which is located in the promoter region of the
miR-146a gene, has been shown to induce the expression
of miR-146a by altering its binding affinity with Ets-1 [62].
Furthermore, individuals containing the risk G allele tended
to express a lower level of miR-146a in Asian patients, and
further functional studies showed that it was a negative reg-
ulator of the IFN pathway. Our meta-analysis confirmed
earlier studies [112, 113], showing that rs57095329 G was a
high-risk factor for SLE but not for other AD in East Asian
regions. These pooled results could be explained by the
disease-specific influence on SLE. Moreover, recent SLE
GWASs have identified the disease-related SNP-rs2431697,
which lies upstream of the miR-146a gene, and showed that
the C allele conferred protective susceptibility to SLE in
Asians and Caucasians [114, 115]. Compared with a meta-
analysis performed by earlier by others [112], our meta-
analysis included more studies and a larger sample size
and indicated that the C allele was protective against SLE

in Asians and Caucasians, whereas the latter study was
confined to an Asian population.

miR-146a rs6864584, which is positioned in the miR-
146a precursor promoter region, also affects the expression
of miR-146a [62]. Recent studies could not detect an associ-
ation between rs6864584 C/T and KD or asthma [44, 63].
Our meta-analysis is the first to confirm the association
between rs6864584 and uveitis.

The transcript variant (rs11614913) of miR-196a2 pre-
cursor has been reported to influence the efficient processing
of mature miR-196a2 and the expression of its target gene
[116]. Our analysis showed that the T allele conferred
protection against uveitis. A decreased risk of miR-196a2
variants has been reported with T1DM in children and ado-
lescents, but rs11614913 genotypes were not shown to affect
miRNA expression [79]. An allele mutation of rs11614913
from C to T was detected in a majority of glioma tissues,
but no association was discovered with the genotype [117].
In other words, the differential expression of miR-196a2
was probably not mediated by rs11614913 itself but by
other factors.

Studies have confirmed that miR-499 rs3746444 is
located in the pre-miRNA region and influences the binding
of target mRNAs to 3p mature miRNA [118]. mir-499
targets the IL-17 receptor B, IL-6, and other cytokines, all
of which play an important role in the pathogenesis of RA
[119]. An miR-499 mutation, rs3746444, was shown to be
associated with RA as well as with disease severity in
Egyptian patients [43]. The CC genotype and C allele of this
variant also confer genetic predisposition to RA in Iranians.
The association between miR-499 polymorphisms and RA
could not be confirmed in Chinese patients [72]. Our com-
bined results not only showed that the rs3746444 C allele
is associated with an increased risk for arthritis but also
showed that it was protective for uveitis in Middle East pop-
ulations. In agreement with a previous meta-analysis [27],
we also showed an association between the CC genotype
and asthma.

The rs2292832 T>C mutation of miR-149 may affect its
expression and susceptibility to disease [40, 63]. miR-149 is a
proapoptotic miRNA that affects the expression of the Akt1
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Figure 7: Estimation of the publication bias between miR-146a
rs2910164 polymorphism (G vs. C) with AD.
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and E2F1 gene, which has been shown to promote cell
growth and cell cycle progression in IBD-associated colorec-
tal cancer [120]. Our meta-analysis revealed significant asso-
ciations between rs2292832 and the risk of developing
arthritis, asthma, and IBD. The available data was focused
on Asian populations, and it would be interesting to investi-
gate a possible association between miR-149 variants and
AD in other ethnic groups.

We did not find associations for several miRNA variants
including miR-27a, miR-155, miR-125a, miR-182, miR-585,
miR-23a, miR-106a, miR-122, miR-124a, and miR-137. Our
analysis did reveal an association between miR-182
rs76481776 and uveitis susceptibility as well as an associa-
tion between miR-23a rs3745453 and sclerosis.

Understanding the specific miRNA-regulated genetic
networks and molecular mechanisms by which miRNAs
participate in the immune system is a promising area of
research and promotes their clinical application. The diag-
nostic and therapeutic manners of miRNAs have long been
acknowledged, which are regarded as clinical biomarkers
for monitoring disease evolution during treatment [121].
In the future, miRNAs in biofluids such as saliva could be
excellent biomarkers, because their collection is noninvasive
and easy to be performed [122]. Thus, it is urgent to explore
the molecular role of miRNAs in the pathophysiology of AD
and to evaluate possible clinical and future implications for a
personalized approach.

Although we retrieved all current available studies, some
limitations of our analysis should be mentioned. First, the
disproportionate numbers of cases (range: 0.11%-32.58%)
in different AD subtypes might have yielded different sample
sizes; thus, the statistical power may show potential hetero-
geneity. Second, several studies were mainly focused on
asthma and Kawasaki disease risk relationship with younger
children (younger than five years old), and this may inevita-
bly produce age bias. Third, several groups only contained
two studies, which makes it difficult to generalize results,
suggesting that larger sample sizes are needed to validate
the relationship. Fourth, the current research should be
registered in the PROSPERO or Cochrane system, and we
hope to do so in future but for the time being would like
to mention that our meta-analysis was performed strictly
in accordance with the process of systematic review. In
addition, the association level identified by current studies

was low because of imprecision according to GRADE pro-
filer. Finally, more attention should be made concerning a
possible gender bias. However, metaregression did not show
that the gender ratio affected our pooled results.

5. Conclusions

Taken together, our meta-analysis provides evidence that
miR-146a, miR-196a2, miR-499, miR-149, and miR-27a
polymorphisms are associated with AD susceptibility. Some
polymorphisms are shared by several AD in certain ethnic
groups and/or geographic locations. Some miRNA polymor-
phisms show protection in some diseases and an increased
susceptibility in others. These results provide further sup-
port to the complexity of autoimmune disease and suggest
that prevention and treatment should be tailored for each
specific immune disorder.
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Table 4: Bias between miRNA polymorphisms with autoimmune diseases in our meta-analysis.

miRNA polymorphisms Number of publications
Allele model Dominant model Recessive model

Begg’s test Egger’s test Begg’s test Egger’s test Begg’s test Egger’s test

miR-146a rs2910164 70 0.055 0.286 0.124 0.218 0.235 0.056

miR-196a2 rs11614913 26 0.343 0.061 0.427 0.084 0.930 0.948

miR-499 rs3746444 35 0.680 0.432 0.910 0.910 0.234 0.239

miR-146a rs57095329 18 0.544 0.594 0.443 0.608 0.155 0.825

miR-146a rs2431697 8 0.536 0.498 0.734 0.505 0.308 0.057

miR-146a rs6864584 5 0.142 0.123 0.221 0.120 0.462 0.302

miR-149 rs2292832 9 0.404 0.052 0.251 0.213 0.754 0.820

miR-27a rs895819 6 0.188 0.453 0.707 0.794 0.452 0.214
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